INTRODUCTION {#sec1-1}
============

Breast cancer is the most common type of cancer, and also the second cause of cancer death in women. Breast cancer is made of a heterogeneous group of tumors which have varied genotypic and phenotypic features and which respond and behave differently to therapy. In addition to problems such as difficulty in gaining access to treatment and complexity of available treatment options, decision making regarding the most appropriate type of treatment for these patients is also really difficult. Clinical decision making in personalized breast cancer management requires robust and accurate risk stratification based not only on outcome prediction but also on a biological basis.\[[@ref1]\] Some methods have already been developed to assist in predicting patient outcome and to support clinical decision making in breast cancer management. Some of these methods are the Nottingham prognostic index (NPI),\[[@ref2][@ref3][@ref4]\] St. Gallen consensus criteria,\[[@ref5]\] the National Comprehensive Cancer Network guidelines,\[[@ref6]\] and Adjuvant Online (AO).\[[@ref7]\]

The NPI is a tool which takes into account the histologic features of the tumor. The NPI was originally developed in 1978 by Blamey *et al*.\[[@ref8]\] and was then formally described in 1982 by Haybittle *et al*.\[[@ref9]\] It is calculated using the following formula: Maximum invasive cancer size in centimeters × 0.2 + lymph node (LN) stage (1, 2, or 3) + histologic grade (1, 2, or 3).\[[@ref9]\] With the numeric score obtained by this index, we can most likely reach an accurate predicted outcome.\[[@ref2][@ref10]\] The weaker the prognosis, the higher the numerical value of the NPI, also using cut-off points patients can be stratified into good, moderate, and poor prognostic groups.\[[@ref9][@ref11]\] The NPI has been confirmed after long-term follow-up,\[[@ref2]\] validated independently in large multi-centered studies\[[@ref3][@ref12]\] and revised to stratify patients into five prognostic groups, the details of the NPI are shown in [Table 1](#T1){ref-type="table"}.\[[@ref2][@ref10]\]

###### 

NPI details
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Adjuvant Online is a web-based, open-access computer program that predicts a 10-year outcome for breast cancer patients.\[[@ref13]\] The program is developed using information from the Surveillance, Epidemiology, and End Results (SEER) registry. The SEER registry includes data from about 10% of breast cancer patients in the USA. The program analyzed the outcome of 10-year survival probabilities, risk of relapses, and survivals using patient information and tumor characteristics such as age, tumor size, tumor grade, estrogen receptor (ER) status, and LN status.\[[@ref13]\] AO is increasingly being used by physicians.\[[@ref14]\] The performance of AO has been evaluated in small cohorts of patients in Germany, and the program was successfully validated in a large population of Canadian women with early breast cancer in 2005.\[[@ref15][@ref16][@ref17]\]

The performance of these two prognosis prediction tools simultaneously has not been evaluated in Iran. The aim of this study was to evaluate the performance of these two models in predicting the 10-year overall survival (OS) rate of early breast cancer patients referring to the Seyedoshohada Hospital in Isfahan.

METHODS {#sec1-2}
=======

This study is an analytical study of retrospective type. All patients with early breast cancer who had been diagnosed during years 1994--2004 and who had referred to Seyedoshohada Hospital over these years were examined. The patients' information including personal information, pathological information, and type of received treatment were extracted from their medical records. In 2014, we called all the patients and asked them about the status of their disease, and in case of probable death, the time and cause of deaths were revealed.

Treatment was based on the latest guidelines. The choice of treatment strategy was based on the tumor extent/location and biology as well as on the age and general health status of the patient and personal preferences. Most frequently used systemic regimens contained anthracyclines and/or taxanes, in selected patients cyclophosphamide, methotrexate, 5-flourouracil was used.

Since the NPI and AO have been developed for prognostication in the "adjuvant" setting, patients with metastatic breast cancer were excluded. For women who were included in the cohort, we applied the following eligibility criteria: Being aged 70 years or less; diagnosis of invasive breast carcinoma, availability of pathological data, including tumor grade, tumor size, and number of positive LNs harvested; availability of adjuvant systemic therapy records (including hormonal and cytotoxic agents); having performed surgery for breast cancer (including breast and axillary procedures); and having completed the 10-year follow-up.

Data analysis {#sec2-1}
-------------

For each eligible patient, NPI was calculated using the formula NPI = (0.2 × S) + N + G. In this formula, S is the tumor size in cm, N is the number of involved Lymphatic nodes (\>3 = 3, 3--1 = 2, 0 = 1), and G is the degree of malignancy of the tumor (degree 3 = 3, degree 2 = 2, degree 1 = 1). Based on the numerical score obtained from the formula, the patients were located in one of the prognosis groups, and the 10-year OS was predicted and recorded.

For each eligible woman, Adjuvant Standard Version 8 was used to generate the 10-year prediction of OS. This prediction was obtained by entering each patient\'s information about age, tumor size, number of positive nodes, grade, ER status, and adjuvant systemic therapies received (types of hormone and chemotherapies) into the program. In order to be in line with the validated Canadian study,\[[@ref15]\] all predictions were made with Adjuvant\'s comorbidity assumption set at the default of "minor problems."

Using the Kaplan--Meier survival analysis, the survival rate was observed and the survival curve was obtained. To compare the predicted and observed survival, one sample *t*-test was used. Again in accordance with the validated Canadian study,\[[@ref15]\] we considered Adjuvant reliable enough for clinical use if the predicted and observed outcomes were within 2% of one another.

The observed survival difference between the prognosis groups of NPI was analyzed using log-rank analysis. For evaluating the correlation between the values predicted by the two models, Spearman correlation was used. All tests were performed as two-tailed tests with 95% confidence intervals. *P* \< 0.05% was considered significant. Statistical analysis was performed using SPSS 16.0 software (SPSS Inc. Released 2007. SPSS for Windows, Version 16.0. Chicago, SPSS Inc).

RESULTS {#sec1-3}
=======

Five hundred and eighty-five patients with breast cancer referred to Seyedoshohada Hospitals in Isfahan from April 1994 to February 2004. From which 44 people due to metastasis detection, 29 people due to different pathology of disease, 5 people due their age being unknown and age over 70 years, 148 people due to uncertain pathological features, 96 people due to the uncertainty of the treatment received, and 30 people due to the unavailability of mortality conditions were excluded. Finally, the study sample size was reduced to 233 people.

The mean age of the 233 patients included in the study at the time of diagnosis was 46.26 years with standard deviation of 9.2 years, and a range of 24--70 years. Data analysis showed that 51.5% of receptor patients had positive estrogen, and the predominant pathology of patients (90.1%) was shown to be invasive ductal carcinoma. 96.1% of patients had received auxiliary chemotherapy, 83.3% hormone therapy, and 71.7% received radiotherapy after their surgery, and 91.4% of patients had mastectomy. During the study period, there has not been much change in the type of patients' treatment.

In this study, in the course of 10-year, 73 patients out of 233 patients (31.33%) who were afflicted to early breast cancer died. From these 73 patients, 7 (9.59%) died because of reasons other than breast cancer and the rest (90.41%) died due to breast cancer. Based on Kaplan--Meier method, the mean of OS of the patients was obtained to be 101.11 (from 96.79 to 105.43) months. 1, 5, and 10-year OS was calculated as 99.6, 83.6, and 71.2%, respectively.

The average 10-year OS predicted by AO prognosis tools in all patients was obtained as 69.28%. [Table 2](#T2){ref-type="table"} shows the comparison between the 10-year OS rate predicted by AO prognosis tools and the 10-year OS observed in all patients and in different subgroups of patients who were clinically important. In all patients, the difference between the predicted OS by the AO prognosis tools and the observed OS was not statistically significant (*P* = 0.527), and the AO prognosis tools had predicted the patients' OS correctly. In most subgroups, the difference between the predicted survival and the observed survival was not statistically significant but by assuming that the difference within 2% is acceptable, the performance of the AO prognosis tools in predicting the patients' survival was clinically valid in only five subgroups.

###### 

Baseline characteristics and 10-year survival predicted by AO and observed for women with breast cancer
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[Table 3](#T3){ref-type="table"} shows the comparison between the predicted and observed 10-year OS rate in the NPI groups. The table shows that an increase in the score of NPI or deterioration of prognosis, in general, will result in a decrease in the patients' OS. But a shift has taken place in the group with moderate prognosis in a way that the observed survival of the group with moderate prognosis 2 is shown to be more than the observed survival of the group with moderate prognosis 1, while survival prediction based on the NPI shows otherwise. The difference between the predicted and observed OS rate in all groups except the very poor prognosis group was not statistically significant. Based on the log-rank test, the difference between NPI groups in terms of observed OS was statistically significant (*P* = 0.006). [Figure 1](#F1){ref-type="fig"} shows the overall observed 10-year Kaplan--Meier survival curve based on NPI groupings.

###### 

Distribution of women with breast cancer based on nottingham prognostic index
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![Kaplan--Meier OS curve for cohort based on NPI prognostic groups (NPI = Nottingham prognostic index; OS = Overall survival)](IJPVM-6-93-g004){#F1}

[Figure 2](#F2){ref-type="fig"} shows the error bar AO chart based on the NPI groupings. According to this diagram, the prediction of the AO prognosis tools was close to the prediction of NPI. For example, in group, excellent prognostic group, NPI with the estimated 10-year survival of 96%, the AO prognosis tool has evaluated the 10-year survival equal to 95.2%. Furthermore, a high correlation was observed between predicted values of AO prognosis tools and NPI (Spearman correlation 0.86 *P* \< 0.001).

![Error bar graph for AO based on NPI prognostic groups (NPI = Nottingham prognostic index; AO = Adjuvant Online)](IJPVM-6-93-g005){#F2}

[Figure 3](#F3){ref-type="fig"} shows the prediction of NPI versus the prediction of the AO prognosis tool. To draw this scatter plot graph, the NPI scores were sorted and data were divided into portions of 5% and for each portion, the mean NPI and AO prognosis tool were determined, then for these mean values, the scatter plot graph was plotted. [Figure 3](#F3){ref-type="fig"} indicates that the predictions of two tools are largely similar; also, generally, the predicted values of AO have been more than NPI.

![Scatter plot graph NPI versus the AO prognosis tool (NPI = Nottingham prognostic index; AO = Adjuvant Online)](IJPVM-6-93-g006){#F3}

DISCUSSION {#sec1-4}
==========

This study was conducted to evaluate the validity of NPI and AO prognosis tools in predicting the 10-year OS rate of early breast cancer patients who referred to the Seyedoshohada Hospital. In this study, the predicted 10-year survival by AO prognosis tools was evaluated as 69.28% and the observed overall 10-year survival was evaluated as 71.2%.

Data analysis showed that the difference between the predicted OS rate by AO prognosis tools and observed OS (−1.9) in all patients is not statistically significant (*P* = 0.527) and since the difference is within 2%, it is reliable for clinical use. In all subgroups of patients, the difference between the predicted and observed survival rate was not statistically significant that is except for two subgroups (patients with 10 or more Lymphatic nodes, patients with unknown ER status) and in only 5 of the subgroups, this difference was within 2% and clinically significant. The reason of not having a clinically significant difference in most subgroups can be their small sample sizes. Several studies have been conducted over the world with the aim of evaluating the validity of AO prognosis tools.\[[@ref18][@ref19][@ref20][@ref21][@ref22]\] An authoritative Dutch study with 5380 patients showed that there is no significant difference between the predicted OS rates by AO (69.1%) and the observed survival rates (69%),\[[@ref20]\] and these findings are compatible with our results.

In most studies, AO prognosis tools had overestimated survival. Campbell *et al*. study which was conducted on 1056 English breast cancer patients showed that in general, the difference between the 10-year OS predicted by the AO prognosis tools (77.37%) and the observed OS (71.83%) is statistically significant (*P* \< 0.001) and the AO prognosis tools had overestimated the OS (5.54%). Furthermore, these tools had overestimated the specific survival of breast cancer (4.53%, *P* \< 0.001). They concluded that overestimation of specific survival of breast cancer implies that AO has underestimated the probability of breast cancer mortality in English women. One possible reason for this difference is that the rate of mortality due to breast cancer in America (age-standardized rate \[ASR\] =14.9) is less than the UK (ASR = 17.1).\[[@ref19][@ref23]\] Bhoo-Pathy *et al*. study which was conducted on 631 Malaysian early breast cancer patients showed that in general, the difference between the 10-year OS rate predicted by AO prognosis tools (70.3%) and the observed OS rate (63.6%) is statistically significant (*P* \< 0.001) and the AO prognosis tools had overestimated the OS (6.7%). But according to receiver operating characteristic analysis, these tools were relatively strong in the identification of good and poor survival (the area under the curve 0.73). This difference may be due to the difference in life expectancy, tumor biology, the effect of anti-cancer therapy, compliance with treatment, and lifestyle after cancer between the population studied and the American population.\[[@ref18]\] Jung *et al*. study conducted on 699 Korean patients afflicted to the early breast cancer showed that the difference between the 10-year OS predicted by the AO prognosis tools (68.6%) and the observed OS (57.5%) is statistically significant (*P* \< 0.001), and the AO prognosis tools had overestimated the OS (11.1%). The main reason of this difference may be due to the small sample size of this study. The differences of disease characteristics in different countries, tool restrictions, and racial differences are listed as the other reasons for this difference.\[[@ref21]\]

However, in Yao-Lung *et al*. study conducted on 699 Taiwanese patients diagnosed with early breast cancer, it was shown that the difference between the 10-year OS rate predicted by AO prognosis tools (80.56%) and the observed survival (84.44%) is statistically significant (*P* \< 0.001) and that the AO prognosis tools had underestimated the OS (−3.88%). But in low-risk patients' group unlike high-risk patients, this difference was not significant, and the tools had predicted survival correctly. This difference may be due to the difference in racial factors in different countries which affects the outcomes and treatments.\[[@ref22]\]

In this study, the NPI could separate good, moderate, and poor survival rates well (log-rank, *P* = 0.006). Although in the group with moderate prognosis, which consists of two groups itself, groups 1 and 2, a shift in the observed survival of these groups can be observed. Also in all groups, the predicted survival by NPI is less than the observed survival except for the group with moderate prognosis 1 but this difference was not statistically significant other than in the group with a very poor prognosis.

On the other hand, distribution of patients in different groups of NPI is not consistent with the distribution of patients in the Blamey *et al*. study\[[@ref9]\] which was done to update this index. In Blamey *et al*. study (and ours), 15% (2.6%) of patients were located in the group with excellent prognosis, 21% (10.3%) of patients in the group with good prognosis, 28% (20.2%) in the group with moderate prognosis 1, 22% (29.6%) in the group with moderate prognosis 2, 10% (19.7%) in the group with poor prognosis, and 4% (17.6%) in the group with very poor prognosis. In the current study compared to the study conducted by Blamey, a larger number of patients (about 4 times more) have located in the group with very poor prognosis. But the observed survival rate for this group was predicted 57.9% against 38% and this difference is very large. Furthermore, the observed survival in the group with poor prognosis is 60.6% which has a small difference with the observed survival in the group with very poor prognosis. One reason for this difference may be due to the difference in the size of the present study and that study.

To compare the predictions obtained from the two tools, Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"} are plotted. These Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"} indicate that the predictions of NPI and AO prognosis tools are largely similar.

The main limitation of this study is the small sample size. One reason for this small sample size was that our study was conducted as a retrospective study, and pathological information and mortality status of some patients were not available, so they were excluded from the sample. These problems could be avoided if there was a standard cancer registry center available in the province. A strength of this study was to investigate the validity of NPI and AO on a group of patients with breast cancer. However, most studies have focused on one of these tools. It is suggested that similar studies on a larger scale with a larger sample size to be done on patients with breast cancer.

CONCLUSIONS {#sec1-5}
===========

This study was the first study in Iran conducted to evaluate the performance of NPI and AO prognosis tools. AO prognosis tools were capable of predicting the 10-year OS rate although not in all of the subgroups. The NPI was capable of distinguishing good, moderate, and poor survival rates, but this ability was not visible in more specific groups with moderate and poor prognosis.
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